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Abstract
Background: In the 50 years following Beck’s cognitive theory, empirical research has
consistently supported the role of dysfunctional, ‘hot’ cognition in the onset and maintenance of
major depressive disorder. Compromised ‘cold’ cognition in attention, memory, and executive
control abilities, independent of the affective state, has attracted much clinical interest for its role
throughout the course of illness and into remission. We propose integrating cold cognition into
Beck’s cognitive theory framework to account for the complementary roles of both hot and cold
cognition in depression onset and maintenance.
Method: A critical review of cognitive research was conducted to inform an integrated hot-cold
cognitive model of depression.
Results: Cold cognitive deficits likely act as a gateway to facilitate the activation and expression of
the hot cognitive biases through a weakened ability to attend, retrieve, and critically assess
information. Cold deficits become exacerbated by the negative mood state, essentially ‘becoming
hot’, lending to maladaptive emotion regulation through ruminative processes. Depleted cognitive
resources contribute to the manifestation of further deficit in problem-solving ability in everyday
life, which in itself, may act as a stressor for the onset of recurrent episodes, perpetuating the
depressive cycle.
Conclusion: We discuss the interaction between hot and cold cognition within the cognitive
theory framework and the potential of complementary hot-cold pathways to elucidate novel means
of prevention and treatment for depression.
This is an open access article distributed under the terms of the Creative Commons Attribution
4.0 International License, CC BY 4.0, which permits unrestricted use, distribution, and
reproduction, provided the original work is properly cited.
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Highlights
• Dysfunction in hot (emotion-dependent) and cold (emotion-independent)
cognition has been demonstrated in depression, but psychological treatment
has largely focused on hot cognition only.
• Hot and cold cognition are complementary processes throughout the
activation and maintenance of depressive schemas and biases, necessitating
the consideration of both hot and cold cognitive aspects to disrupt the
depressive cycle.
• The proposed hot-cold cognitive model shows promise to stimulate new
research avenues for the prevention and treatment of depression.
Major depressive disorder (MDD) is debilitating, usually chronic in nature, and widely
prevalent, affecting approximately 300 million individuals at any given time (World
Health Organization [WHO], 2018). As the likelihood of recurrence and relapse remain
high (Boland & Keller, 2009), the need to consider novel treatment strategies and adapt
current treatments for MDD is mounting. An examination of the potential mechanisms
underlying the central features of MDD may help inform initiatives to optimise treat‐
ment outcomes.
Cognitive dysfunction is an important diagnostic feature of MDD. It is best concep‐
tualised as two interacting systems of cold and hot cognition (Roiser & Sahakian, 2013).
Cold cognition refers to information processing that occurs independent of any emotion‐
al influence. Such cold cognitive functions are typically assessed using neuropsychologi‐
cal test batteries and include measures of the ability to memorise and retain new infor‐
mation, divide/shift attention between tasks, and make/follow an organised plan in the
context of non-affective, neutral stimuli (i.e. no intentional positively or negatively
valenced material is provided during the test). Cold cognitive dysfunction has been dem‐
onstrated throughout the course of MDD, with broad deficits observed across attention,
memory, and executive function measures (Rock, Roiser, Riedel, & Blackwell, 2014;
Snyder, 2013). Meta-analytical evidence show such deficits to be present from the first
episode (Ahern & Semkovska, 2017), while research also suggests a degree of persistence
in some cognitive domains beyond the restoration of mood (Semkovska et al., 2019). On
the other hand, hot cognition is reactional to the presence of emotional stimuli (e.g. facial
expression, affective words, music), or may be a response to feedback that produces an
emotional state (e.g. disappointment). For example, individuals with MDD have demon‐
strated better memory recall for negative stimuli in comparison to healthy controls, sug‐
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gesting that MDD has a distinct hot cognitive profile characterised by mood-congruent
biases in information processing and memory (Gaddy & Ingram, 2014). A particular style
of perseverative, negative thinking, referred to as rumination (Nolen-Hoeksema, 1991),
also largely contributes to the hot cognitive profile characteristic of MDD. This is consid‐
ered a maladaptive emotion regulation strategy that serves to maintain the negative
mood state.
Cold cognitive dysfunction is an area of increased clinical research focus, not only be‐
cause it can be considered a biomarker for vulnerability (Allott, Fisher, Amminger,
Goodall, & Hetrick, 2016), but also because it has been shown to predict poor treatment
response (Groves, Douglas, & Porter, 2018), and impede functional recovery from MDD
(Bortolato et al., 2016). Accumulating literature suggests that the cold cognitive dysfunc‐
tion associated with MDD drives the negative consequences for everyday life and eco‐
nomic costs, over and above the influence of mood symptoms (Buist-Bouwman et al.,
2008). Cold cognitive abilities have also been identified as the single best longitudinal
predictor of socio-occupational functioning among young psychiatric outpatients (Lee et
al., 2013). Consequently, cold cognition has been increasingly recommended by clinical
research as an essential therapeutic target to ensure functional recovery following a de‐
pressive episode (e.g. Bortolato et al., 2016). Antidepressant treatment for MDD has dem‐
onstrated efficacy on both the affective (mood state) as well as the cold cognitive aspects
of depression, most notably among executive functions (e.g. Baune & Renger, 2014).
While improvements have been observed in certain cold cognitive abilities, not all im‐
prove at a similar rate; persistent deficits have been noted across attention, verbal memo‐
ry, response inhibition, decision speed, and information processing in up to 95% of indi‐
vidual cases (Shilyansky et al., 2016). Although the pro-cognitive effect of antidepressants
may not be consistently demonstrated, cold cognition at the very least has been recog‐
nised as a potential therapeutic target within the biological approach to MDD treatment.
The psychological approach has largely been informed by Beck’s cognitive model, thus
establishing a focus on hot cognition. Beck conceptualised cognition during MDD as rig‐
id negative schemas and dysfunctional attitudes about the self, the world, and the future.
Such problematic schemas and attitudes were theorised to contribute to negative auto‐
matic thoughts and biases in attention, information processing, and memory (Beck,
2008). These hot cognitive features interacted, steering the onset and maintenance of
MDD. Beck’s cognitive model has been central to our understanding and treatment of
MDD for the past 50 years. Nevertheless, it has also contributed to an under-emphasis of
the role of cold cognitive abilities (Knight, Aboustate, & Baune, 2018), some of which
have been outlined in the DSM diagnostic criteria for MDD, e.g. diminished ability to
think or concentrate, and indecisiveness (American Psychiatric Association, 2013). Cog‐
nitive behavioural therapy (CBT), which is informed by Beck’s cognitive model, is con‐
sidered the gold standard approach for the psychological treatment of MDD. Interesting‐
ly, the effect of psychotherapies such as CBT on cold cognition is not well explored (e.g.
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Porter et al., 2016) as their recognised efficacy is based on the successful treatment of the
hot dysfunctional cognitions. Considering patient preference for psychotherapy relative
to pharmacological treatment is over threefold (McHugh, Whitton, Peckham, Welge, &
Otto, 2013), novel treatment adjuncts should be explored so that they can guide and ulti‐
mately help integrate cognitive remediation strategies into existing psychological treat‐
ment.
Contemporary theoretical approaches have brought focus to cognitive control dys‐
function during the characteristic depressive biases to account for symptom onset and
maintenance (De Raedt & Koster, 2010; Gotlib & Joormann, 2010; Joormann &
Vanderlind, 2014). Such approaches propose that MDD is accounted for by an attenuated
ability to inhibit the processing of negative material in working memory along with defi‐
cits in removing negative material and updating the contents of working memory. Never‐
theless, the role of cognitive dysfunction, in both hot and cold forms, has not been for‐
mally integrated into the classical cognitive model of MDD proposed by Beck. Typically,
hot and cold cognition have been investigated separately within the MDD literature, but
we propose integrating hot and cold cognition considering their close alignment and po‐
tential complimentary processes as a cognitive mechanism by which negative schemas
and cognitive biases contribute to depressive symptoms. The pivotal role that cold cogni‐
tive abilities may play in onset, throughout the depressive mood state, and into remission
require attention in psychological, theoretical models to account for the dynamic inter‐
play between cognition and emotion. This advancement is necessary to inform treatment
strategies that can potentially optimise functional recovery from MDD. Hence, the aim of
this paper is to propose a reframing of Beck’s cognitive model to integrate a narrative on
the role of cold cognition in the development, maintenance, and recovery from MDD. In
subsequent sections, we will critically discuss the interaction between hot and cold cog‐
nition, followed by a review of the relevance of cold cognition for the cognitive model.
Thereafter, we will address the dynamic, interactive processes of hot and cold cognition
with reference to each of the cognitive biases in attention, information processing, and
memory recall, as outlined by Beck. Finally, we will present our integrated hot-cold cog‐
nitive model of depression.
Hot and Cold Cognition
MDD is often conceptualised within an emotion dysregulation framework; the individual
regulates emotion less effectively as a result of a compromised interaction between emo‐
tional and cognitive processes, outlining an emotion-cognition link in MDD (Gotlib &
Joormann, 2010). Specifically, cognition has been proposed as the means by which emo‐
tion is regulated (Joormann & Vanderlind, 2014). Cognitive biases affect emotion regula‐
tion by drawing attention to emotion-eliciting details or appraisals that are congruent
with the negative mood. In turn, deficits in executive functions increase the likelihood of
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using maladaptive regulatory strategies such as rumination, which only serve to intensi‐
fy and prolong the experience of negative mood (Joormann, 2010; Koster, De Lissnyder,
Derakshan, & De Raedt, 2011). Executive functions, also referred to as cognitive control
within the cognitive neurosciences, regulate information processing and behaviour to
align with current goals when faced with interference from task-irrelevant stimuli or au‐
tomatic responses (Friedman & Miyake, 2017). The processes involved in cognitive con‐
trol are typically operationalised into shifting (switching between tasks, i.e. cognitive
flexibility), inhibition (overriding a prepotent response), and updating (monitoring the
contents of working memory; Miyake et al., 2000). An accumulating body of research
over the past decade has supported the role of cognitive control dysfunction in MDD for
symptom onset and maintenance, but this has largely been investigated in relation to the
emotional state. As hot cognition accounts for information processing and reasoning that
is influenced by emotional state, weakened cognitive control during MDD is probably
best conceptualised as a dysfunctional hot cognition within current theoretical accounts
(De Raedt & Koster, 2010; Joormann, 2010; Joormann & Vanderlind, 2014). Consistent
with this, Gotlib and Joormann (2010) have acknowledged that cognitive control deficits
appear to manifest following affective interference and are particularly salient during the
processing of negative material, rather than representing a more generalised deficit in
cognitive functioning. The complexities of the emotion-cognition link could, neverthe‐
less, benefit from consideration outside of the emotional context by incorporating cold
cognition into the explanatory framework. In accordance with this, recent empirical re‐
search has suggested that non-affective cognitive control training (Paced Auditory Serial
Addition Task, PASAT; Gronwall, 1977) can successfully alleviate residual depressive
symptoms among a remitted MDD sample, demonstrating that cold cognitive control
abilities may have preventative potential for recurrent MDD episodes (Hoorelbeke &
Koster, 2017). This could result from a disruption to the dynamic interaction between hot
and cold cognition following the cognitive training, an interaction which may be neces‐
sary for episode onset. Importantly, cold cognitive control deficits are observed during
the acute depressive state, with meta-analytical findings from 113 studies providing ro‐
bust support for deficits in shifting, inhibition, and updating of a moderate effect size
among individuals with MDD, relative to healthy controls (Snyder, 2013). Consideration
of cold cognition, and particularly the interaction between hot and cold cognitive pro‐
cesses, may be integral to elucidating the mechanisms by which cognition helps regulate
emotion. In a critical review of cognitive control theory and research, Grahek, Everaert,
Krebs, and Koster (2018) reinforced the importance of considering interactive processes
in dysfunctional cognition during depression, with particular acknowledgement of the
potential role that hot components (via motivation) may play in cognitive control abili‐
ties.
Although hot and cold cognition have been presented as somewhat separate process‐
es, their interaction is central to the maintenance of the depressive cycle. Indeed, per‐
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formances on cold cognitive tasks are thought to be partially explained in terms of an
altered hot cognition generated by task feedback. As such, Beats, Sahakian, and Levy
(1996) demonstrated that negative feedback on a non-affective, neutral task can stimulate
a ruminative thinking style on performance or a ‘catastrophic response to perceived fail‐
ure’ that, in turn, impairs subsequent performance; intrusion effects generated by nega‐
tive feedback can slow performance or lead to attention/distraction errors. Furthermore,
such feedback can lessen motivation to proceed. In this way, cold cognition can ‘become
hot’, a hypothesis that has been supported by several studies (Murphy, Michael, Robbins,
& Sahakian, 2003; Pizzagalli, Peccoralo, Davidson, & Cohen, 2006), although such results
are not always consistently replicated. As a notable exception to the above hypothesis,
Douglas and Porter (2009) showed that individuals with MDD can also improve their per‐
formance after perceived failure, albeit to a lesser extent relative to healthy controls. Ad‐
ditionally, Aker, Bø, Harmer, Stiles, and Landrø (2016) demonstrated that remitted MDD
individuals did not differ from healthy controls in post-error speed of adjustment on two
cold cognition tasks assessing inhibition abilities, despite a slower performance by MDD
individuals on one of these tasks. This suggests that the error-feedback provided during
task performance did not exacerbate cold deficits by means of hot interference via rumi‐
native processes or depleted motivation. Throughout the literature, deficits in cold cogni‐
tion are demonstrated even when no feedback on performance is available, suggesting
that a negative, hot feedback loop is not necessarily generated during cold cognitive
tasks that can explain subsequent performance (Roiser & Sahakian, 2013).
The distinction between hot and cold cognition is somewhat arbitrary as both mutu‐
ally influence each other, but it does direct attention to the fact that MDD is associated
with compromised function in emotion-dependent (hot) and emotion-independent (cold)
cognitive processes. The association between mood and cognitive deficits during MDD
has stimulated much critical debate in an attempt to determine whether cognitive deficits
(a) are a vulnerability trait that precede and contribute to the onset of a depressive epi‐
sode, remaining stable throughout into periods of symptomatic remission (b) represent a
state by-product of depressive mood, alleviating with mood restoration or (c) develop
during the depressive episode and persist as a residual scar (for further detail on trait,
state, and scar patterns of cognitive deficit, see Ahern & Semkovska, 2017). It is likely
that each of the above is relevant during the course of MDD from acute phases through
to remission and relapse. Although research interest on the role of cold cognition in the
course of MDD is relatively recent, it represents an area ripe for further inquiry consider‐
ing the complimentary processes of cold cognition with the well-recognised hot cogni‐
tive processes. A better understanding of the role of these cold cognitive abilities within
the cognitive theory framework may elucidate novel means of preventative and treat‐
ment strategies.
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Relevance of Cold Cognition for the
Cognitive Model
Beck’s cognitive model has outlined the central role of hot cognitive biases to the onset,
maintenance, and remission of MDD. Such biases are proposed to result from negative
schemas that remain latent until activated by a stressful life event resulting in a change
in information processing in a schema-congruent manner (Beck, 2008). However, not all
cases of MDD onset are preceded by a stressful life event (Hammen, 2005), suggesting
that hot cognitive biases may indeed be a correlate of depressive symptoms rather than
an initiating event for onset. Ample cross-sectional research confirms the interaction be‐
tween seemingly cold cognitive deficits and mood throughout the course of MDD (e.g.
Rock et al., 2014; Snyder, 2013), albeit not explicitly measuring the potential explanatory
role of hot cognition such as cognitive biases. Nevertheless, it has been suggested that
cold deficits precede, and therefore may facilitate, the cascade of hot cognitive biases that
occur with MDD onset by compromising the ability to attend, remember, and critically
assess information (Knight et al., 2018). Consequently, the individual becomes susceptible
to negative information processing. De Raedt and Koster (2010) proposed that weakened
cognitive processes, particularly in attention, act as a gateway for negative thoughts and
biases. As such, deficits in inhibition contribute to a repetitive cycle of negative thoughts,
while deficits in shifting exacerbate the ability to move away from or disengage attention
from these thoughts, resulting in a maintenance of depressive mood. Deficient cognitive
control of negative information is considered central to the maintenance of hot cogni‐
tions and depressive mood, but this does not explain why individuals with MDD often
continue to demonstrate compromised functioning when mood has alleviated. Cold cog‐
nitive deficits may be an important consideration to explain the continued compromised
functioning during remission, but also may help elucidate a better understanding of how
the cognitive and affective components of MDD interact to initiate and sustain depres‐
sive symptoms. The conceptual framework proposed by De Raedt and Koster (2010) inte‐
grated biological and cognitive factors to outline the potential working mechanisms in‐
volved in vulnerability for recurrent MDD episodes. Hot attentional deficit, where atten‐
tion is diverted to and maintained on negative material, was a central component of the
framework to account for sustained negative affect through interaction with the activa‐
ted schemas. Although De Raedt and Koster (2010) acknowledged cold deficits in atten‐
tion, the hot attentional component was considered of particular interest due to its de‐
pression-specificity and that it could be explained from a biological perspective (i.e. as a
consequence of reduced cognitive control exerted by the dorsolateral prefrontal cortex
[due to deficient signals from the anterior cingulate cortex] on the emotional processing
conducted by the amygdala). Thus, the framework proposed by De Raedt and Koster
(2010) mainly accounted for the role of hot attentional deficits in the vulnerability for re‐
currence.
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It is plausible that cold deficits represent the vulnerability that interacts with the
schema to generate the characteristic hot cognitive bias during MDD. Weak inhibitory
and shifting processes have been shown to be associated with the development of depres‐
sive symptoms up to 7.5 years later among youth, while controlling for other key predic‐
tors such as gender and IQ (Kertz, Belden, Tillman, & Luby, 2016). These findings suggest
that cold cognitive control deficits likely precede and represent a vulnerability factor for
onset. Further corroborating this, deficits in cognitive control measures such as working
memory, shifting, and inhibition have been noted at initial MDD onset, with broader def‐
icits demonstrated across processing speed, attention (visual and auditory), learning and
memory (visual and verbal), reasoning, verbal fluency, motor skills, and intelligence, with
the magnitude of deficit varying from small to large across these cognitive domains
(Ahern & Semkovska, 2017). As these deficits cannot be accounted for by the additive ef‐
fect of scarring from recurrent episodes, it is reasonable to assume that cold cognitive
dysfunction can precede onset. Furthermore, executive function deficits have even shown
stable, trait-like qualities from the first depressive episode (Ahern & Semkovska, 2017).
Snyder and Hankin (2016) suggested that cold executive control deficits are linked to in‐
ternalising psychopathologies through stress generation and subsequent rumination.
Cold deficits contribute to self-generated stressors (e.g. difficulties at work due to poor
planning of time/approach to workload), and while stressors are widely acknowledged as
risk factors for the development of psychopathology (e.g. Grant et al., 2014), this initiat‐
ing mechanism represents a novel means to better understand the MDD cycle. Perhaps it
could even be postulated that the cold cognitive deficits themselves represent a self-gen‐
erated stressor when the individual is made self-aware of deficient functioning in day-to-
day tasks.
Beck’s cognitive model proposed that dysfunctional schemas remained dormant until
activated by a stressor (Beck, 2008). Along these lines, cold cognitive deficits across a
broad range of cognitive domains may serve as internal, self-generated stressors that off‐
set the cascade of hot dysfunctional cognitions and biases during MDD. This assumes the
affective interference hypothesis in that affective information becomes salient and im‐
pedes on the subsequent processing of information (Siegle, Ingram, & Matt, 2002). In this
way, seemingly cold cognitive deficits ‘become hot’ (e.g. in response to feedback) as the
MDD cycle is initiated. It has been suggested that cognitive deficits are superimposed as
a result of a ‘catastrophic response to perceived failure’ when the activated negative
schema biases processing of the feedback which, in turn, impedes on subsequent per‐
formance (Elliott et al., 1996). Beats et al. (1996) demonstrated using the Tower of London
task that MDD individuals solved as many problems in the minimum specified moves as
did controls, but once a mistake was made, subsequent performance deteriorated rapidly.
Further to this, Elliott, Sahakian, Herrod, Robbins, and Paykel (1997) showed that MDD
individuals underwent more errors on a series of CANTAB tasks (Delayed Matching to
Sample and 1-touch Tower of London) in response to feedback, relative to controls and
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other clinical groups (e.g. schizophrenia). Findings by Beats et al. (1996) and Elliott et al.
(1997) suggest that cognitive deficit on neutral, non-affective tasks are largely just a man‐
ifestation of hot cognition, likely due to a ruminative response style centred around the
negative feedback.
Once initiated, the hot dysfunctional schemas and cognitive biases place demands on
cognitive resources as they commence a sequence of automatic, mood-congruent pro‐
cessing, relying on executive function, memory, and attention abilities to maintain the
depressive mood state. The resource allocation hypothesis postulates that the depletion
of available cognitive resources has a detrimental effect on day-to-day cognitive func‐
tioning as limited resources are available to direct to other non-affective, cold cognitive
functions (Ellis & Ashbrook, 1988), overall exacerbating the cognitive profile of MDD.
Similarly, as limited cognitive resources are available to engage in effortful, controlled
processing to override the automatic biases, maladaptive regulation strategies such as ru‐
mination ensue as subsequent hot cognition. Consequently, hot and cold dysfunction ini‐
tiate a mutually reinforcing cycle. We propose that the dynamic interaction between hot
and cold cognitive processes is central to MDD and necessitates consideration of both to
stimulate theoretical advances and integrated research efforts.
In the above section, we have outlined the basic tenet of our integrated hot-cold cog‐
nitive model of MDD. In the following sections, we discuss the interaction between hot
and cold in the context of the cognitive model with particular reference to the character‐
istic biases in attention, information processing, and memory recall during MDD (Gotlib
& Joormann, 2010). These hot-cold interactions are illustrated through Figure 1, 2, and 3,
respectively. Although it is acknowledged that the cognitive biases likely influence each
other and interact to exert influence on other factors (Sanchez, Duque, Romero, &
Vazquez, 2017), we will discuss each of the cognitive biases separately. This is consistent
with the approach of Disner, Beevers, Haigh, and Beck (2011) in their work on the neural
mechanisms underpinning Beck’s cognitive model. The authors demonstrated that al‐
though cognitive biases are characterised by increased bottom-up emotional processing
and attenuated top-down cognitive control, the underlying mechanisms of each cognitive
bias somewhat differ. Thus, modelling each cognitive bias separately will allow us to best
account for the interactive role of hot and cold cognitions and essentially advance our
understanding of the maintenance and treatment of MDD.
Biased Attention for Negative Material
A compromised ability to direct attention to relevant information is central to the cogni‐
tive model of MDD. This is driven by an apparent attention bias towards negative stimu‐
li, although its existence is not robustly supported throughout the literature (Mathews &
MacLeod, 2005). Williams, Watts, MacLeod, and Mathews (1988) even suggested that
MDD is characterised by biases in elaboration and recall but not an attention bias, which
is more so characteristic of anxiety disorders. Attention biases in MDD have been exam‐
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ined in the early and later stages of attentional processing in an attempt to better deter‐
mine whether, and under what conditions, attentional dysfunction is observed. The ini‐
tial orienting of attention has been investigated using subliminal or rapid presentation of
affective material. For example, using an emotional Stroop task in which valenced-words
were presented against a background colour for approximately 1ms and followed by a
mask, Mogg, Bradley, Williams, and Mathews (1993) showed that preattentive bias for
negative information occurred in the anxiety group only, while the MDD group were
comparable to controls. The absence of attention bias in the early stages of processing
has been replicated throughout the literature (for review, see Mogg & Bradley, 2005).
Nevertheless, research on attention bias at later stages of conscious processing provides
more robust evidence for the presence of a mood-congruent bias (e.g. Gotlib,
Krasnoperova, Yue, & Joormann, 2004), and once attention is directed to the negative ma‐
terial, MDD individuals typically spend longer periods of time engaged with it (e.g.
Kellough, Beevers, Ellis, & Wells, 2008). This suggests that MDD is not characterised by
an automatic attention bias, as proposed by the cognitive model, but instead is associated
with difficulty disengaging from negative material once attended to. As a result, a posi‐
tive feedback loop is initiated in which depressive symptoms are maintained by the inter‐
action between hot attentional control deficits and rumination. Impaired disengagement
from negative, self-relevant thoughts maintains an inward focus that strengthens rumi‐
native processes, overall serving to worsen the depressive mood (Koster et al., 2011).
Findings by Yaroslavsky, Allard, and Sanchez-Lopez (2019) supported the mediational
role of rumination between hot attentional disengagement deficits (slow disengagement
from sad faces, fast disengagement from happy faces) and depressive symptoms. This
suggests that hot cognitive deficits manifest in subsequent forms of hot cognition, name‐
ly rumination, to maintain depressive symptoms. In addition, experimental research us‐
ing attention bias modification strategies has corroborated the mediational role of rumi‐
nation in the link between attention bias and depressive symptoms (Yang, Ding, Dai,
Peng, & Zhang, 2015). Attention bias modification strategies typically involve training
the individual to direct attention away from a negative stimulus towards a neutral stimu‐
lus. This is often achieved using a dot-probe paradigm where the target probe is located
more frequently behind the neutral stimulus when presented simultaneously with a neg‐
ative stimulus; after repetition, this training gradually helps to facilitate a more positive
attention bias. Following eight sessions of attention bias modification (90% of targets ap‐
peared in the neutral word position, relative to the sad word position) over a 2-week pe‐
riod, Yang et al. (2015) demonstrated that depressive symptoms significantly improved
and were maintained at 3-month follow-up; no improvements were shown for the con‐
trol attention training (50% of targets appeared in the neutral/sad word position) or as‐
sessment-only conditions. In addition, more participants remained asymptomatic at 7-
month follow-up subsequent to attention bias modification, relative to the comparison
conditions. Findings showed that this effect was fully mediated by rumination and, there‐
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fore, change in attention bias could not directly account for improved depressive symp‐
toms. Hence, it is suggested that deficient hot cognitive control abilities consequently
manifest as a ruminative response style as a result of impaired disengagement from nega‐
tive material. This process overall sustains the negative affect and associated attention
bias.
Nevertheless, findings have not unequivocally converged to demonstrate that target‐
ing hot cognition alone can account for depressive symptom improvement. Considering
control attention training has often shown similar efficacy to attention bias modification
strategies, cold cognitive abilities may also play a potential role in symptom improve‐
ment. Beevers, Clasen, Enock, and Schnyer (2015) found that symptom improvement was
not significantly different for control attention training (50% of targets appeared in neu‐
tral/negative location) relative to a homework supplemented, 4-week attention bias mod‐
ification training consisting of eight sessions (80% of targets appeared in the neutral loca‐
tion, relative to the negative location); across the training groups, an overall 40% symp‐
tom improvement was observed. Such findings suggest different mechanisms of symp‐
tom improvement via hot and cold processes, although this warrants further investiga‐
tion to better understand the driving mechanism. In the attention bias modification con‐
dition, symptom change may be somewhat accounted for by change in attention bias, yet
for the control attention training, benefits may have been a result of engaging in an ac‐
tivity that promoted focused and sustained attention. This allows us to postulate that
cold attention abilities are involved in symptom improvement but also that their dysfunc‐
tion may represent the potential mechanism by which hot attention biases materialise
following affective interference. Additionally, Jonassen et al. (2019) showed that attention
bias modification training (87% of targets appeared in the positive location, relative to the
negative location), when completed twice daily over a 2-week period, did not significant‐
ly differ from control attention training (50% of targets appeared in the positive/negative
location), with both contributing to significant self-reported depressive symptom im‐
provement. Notably, significant, albeit smaller, improvements on clinician-rated depres‐
sive symptoms were found for the attention bias modification group only, with such
symptom improvement closely associated with a more positive attention bias. Overall,
changes in attention bias did not significantly differ between the training groups, sug‐
gesting that attention bias modification may exert its effect by means of another mecha‐
nism, potentially by training general attention ability. Typically, the only difference be‐
tween attention bias modification training and the control training condition is the fre‐
quency of target presentation in the negative location. Consequently, session duration or
frequency of training cannot account for the lack of differential findings between the ac‐
tive and control intervention conditions, although these factors may become relevant for
comparisons between experimental studies. Inclusion of an assessment-only comparison
will help to elucidate whether training attention ability, irrespective of an attention bias
focus, is the underlying driving mechanism of symptom improvement.
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Figure 1. Model of the interaction between cold cognitive deficits and the hot cognitive attention
bias during depression.
Note. When triggered by a perceived stressful life event, weaknesses in cognitive flexibility and
inhibitory processes interact with the schema (negative core belief, e.g. ‘I am useless’) leading to a
failure in disengaging attention from negative stimuli, i.e. attention bias. Subsequent hot
ruminative processes magnify the accessibility of negative material and represent a means by
which the bias affects depressive symptoms. There is a consequent reduction in available cognitive
resources while hot cognition is activated. This contributes to broader cognitive deficits, including
a general attention deficit, which likely lends itself to the expression of the attention bias for
negative stimuli. Such deficits impact day-to-day functioning, potentially triggering subsequent hot
cognition. The interaction between hot and cold pathways serves to perpetuate the activated
schema and attention bias, overall worsening depressive symptoms. Components of the model are
informed by Beck’s cognitive model of depression.
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In summary, biased attention is understood to be central to the maintenance of MDD.
Impaired cognitive control reduces the ability to disengage from negative information,
thus contributing to exacerbated hot cognitive processes, such as rumination, which rein‐
force the attention/disengagement bias to overall maintain depressive symptoms. Cold
cognitive deficits appear to equally be relevant as general attention training has been
shown to improve depressive symptoms, independent of change in attention bias. This
suggests differentiated, but likely complimentary hot and cold cognitive processes.
Biased Information Processing in Preference of Negative Material
According to the cognitive model, MDD is associated with a pattern of interpretation in
which stimuli tend to be interpreted negatively (Gotlib & Joormann, 2010). Resultantly, a
positive blockade is experienced as reduced processing abilities contribute to poorer pro‐
cessing of positive stimuli alongside a decreased salience of positive stimuli (Nutt et al.,
2007). The MDD interpretation bias is considered central to symptom maintenance. Liter‐
ature has supported that individuals with MDD tend to employ negative interpretations
of ambiguous information, relative to healthy controls, using a variety of methods (for
review, see Everaert, Podina, & Koster, 2017). For example, Butler and Mathews (1983)
showed that when asked to interpret an ambiguous sentence from a given list of options,
MDD individuals selected the negative option more frequently than controls. However,
such findings in the literature have been critiqued for over-reliance on self-report meas‐
ures, which likely better capture a response bias as opposed to a negative interpretation
bias. A response bias could facilitate a pattern of responding that presents as an interpre‐
tation bias as individuals with MDD tend to choose negatively-valenced responses when
presented as an option, irrespective of their own interpretation of the scenario. In sup‐
port of this, Lawson and MacLeod (1999) demonstrated that when response time was
used as an indicator of interpretation bias, dysphoric individuals did not differ to controls
in terms of their reaction time to target negative words following an ambiguous sen‐
tence. If an interpretation bias was evident, it could be expected that dysphoric individu‐
als would show faster reaction times to negative words than neutral words as the nega‐
tive processing bias would prime a negative interpretation. These findings have been re‐
plicated (e.g. Bisson & Sears, 2007), albeit not consistently throughout the literature (e.g.
Hindash & Amir, 2012). Lack of equivocal support throughout the literature could be ex‐
plained by the severity of depressive symptoms; negative interpretation biases are possi‐
bly more pronounced for those with more severe symptoms as a result of exacerbated hot
cognition. Consistent with this, Lawson, MacLeod, and Hammond (2002) showed that the
magnitude of eye-blink reflex to negative stimuli was larger for those with more severe
depressive symptoms, relative to those with less severe symptoms, indicative of greater
negative processing.
It is understood that MDD is not driven by the depressive mood nor the depressive
thoughts per se, but rather the way in which the individual processes their depressive
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mood. During MDD, this is usually maladaptive processing that involves rumination or
repetitive thinking around the causes and consequences of one’s mood (Nolen-
Hoeksema, 1991). Wisco, Gilbert, and Marroquín (2014) demonstrated that the associa‐
tion between interpretation biases and depressive symptoms was conferred through ru‐
mination of negative thoughts as well as dampening of positive thoughts, although the
effects through rumination were stronger, comparatively. In addition, reverse mediational
analyses provided further evidence of the directionality of effects as the indirect effect of
rumination on depressive symptoms through interpretation bias was not significant. As
these findings are grounded in correlational research, it is not possible to draw causal
conclusions. Nevertheless, such findings suggest that the hot cognitive interpretation
bias prompts the hot regulatory process of rumination to promote the maintenance of de‐
pressive symptoms. Consideration of longitudinal research by Hirsch et al. (2018), exam‐
ining the effect of multi-session cognitive bias modification strategies to target interpre‐
tation biases, further corroborates this mechanism. This training involved participants
listening to scenarios that were emotionally ambiguous but were resolved positively (76%
of trials), negatively (12%), or remained unresolved (12%). In the control, all ambiguous
scenarios remained unresolved. At 1-month follow-up, findings suggested that change in
interpretation bias following cognitive bias modification partially mediated the interven‐
tional effects on rumination but also on depressive symptoms among patients with MDD.
This supports the idea that the mechanism by which negative interpretation biases im‐
pact depressive symptoms is through further hot ruminative processes. However, active
control conditions have previously reduced negative interpretation biases when no train‐
ing effects were expected (Blackwell et al., 2015; Williams et al., 2015). For example,
Blackwell et al. (2015) did not show superior effects on depressive symptoms following
multi-session cognitive bias modification, relative to the attention control condition
which resolved ambiguous information either positively (50% of trials) or negatively
(50%). By drawing attention to the fact that outcomes can be resolved positively, and
therefore, by training general attention ability, albeit inadvertently, the attention control
training still showed benefits for depressive symptoms. Although further research is re‐
quired to confirm this, it could be argued that the interpretation bias is a manifestation of
cold attention deficit that has been ‘made hot’ by the activated negative schema.
One aspect of biased processing that has drawn interest throughout the cold cognitive
deficit literature is feedback sensitivity. As mentioned, seemingly cold cognitive deficits
may in fact be hot as a result of a ‘catastrophic response to perceived failure’ (Elliott et
al., 1996), or in other words, affective interference from an activated, negative schema
when processing feedback. Individuals with MDD can perform just as well as healthy
controls on several measures of cold cognitive abilities, but once feedback on an error is
received, performance thereafter is likely reduced (e.g. Beats et al., 1996). Cold cognitive
deficits may manifest owing to a repetitive, ruminative response on the feedback that
serves to confirm an underlying core belief (e.g. ‘I am useless’ or ‘I am a failure’), thus
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interfering with performance on the task at hand. Elliott et al. (1997) supported this by
demonstrating that when MDD individuals were re-assessed upon remission, general
cognitive performance on the 1-Touch Tower of London CANTAB task was comparable
to healthy controls, but an abnormal response to negative feedback persisted. Thus, the
response could not merely be due to an overall higher failure rate. This suggests that hot
cognition exerts influence on cold cognitive ability and contributes to deficient perform‐
ance. However, it is important to note that this finding was exclusive to the 1-touch Tow‐
er of London measure in a sample of 28 MDD patients and was not replicated in the De‐
layed Matching to Sample Test. In a direct comparison between a feedback condition and
a no feedback (paired associates) condition, Mörkl, Blesl, Jahanshahi, Painold, and Holl
(2016) demonstrated that performance in probabilistic classification learning was im‐
paired during the feedback condition but not for the no feedback condition, relative to
controls. Feedback-learning involved receiving a ‘thumbs up’ or ‘thumbs down’ in re‐
sponse to the classification of each card to a certain type of weather (rainy/fine). This
corroborates that hot information processing biases can manifest as cold cognitive defi‐
cits in various domains of learning and attention during seemingly neutral cognitive
tasks. Whether this deficit is initiated as an epiphenomenon of the processing bias/feed‐
back sensitivity or is merely exacerbated during the acute depressive state (i.e. ‘becomes
hot’) still warrants further research considering the low-effortful task employed by Mörkl
et al. (2016). The consideration of task demands is important when assessing the extent of
cognitive control deficits in MDD. Indeed, when tasks are considered more effortful and
require more complex processing, the inefficient allocation of cognitive resources to the
task at hand means that deficits in cold cognitive functioning become more pronounced
(Hammar, Lund, & Hugdahl, 2003; Hartlage, Alloy, Vázquez, & Dykman, 1993). Deficits in
various cognitive measures including attention, learning and memory, and executive
function have been documented in MDD without feedback and therefore cannot merely
be a manifestation of feedback sensitivity (e.g. Rock et al., 2014). Nevertheless, a direct
comparison of MDD cognitive performance in the presence or absence of feedback would
better help to elucidate whether the hot and cold elements involved in the activation and
maintenance of the processing bias are mutually reinforcing (i.e. underlying cold deficit
is exacerbated by hot ruminative processes following feedback, in turn manifesting as
further cold cognitive deficit). Thus, a differential magnitude of deficit may be observed,
contingent on the catastrophic response to feedback.
Interestingly, literature has not consistently supported the explanation of a cata‐
strophic response, but rather it is proposed that error post-feedback represents a failure
to internalise the feedback through learning and, as a result, performance is not adjusted.
The findings of Steele, Kumar, and Ebmeier (2007) align with this interpretation as MDD
individuals showed a blunted response following error-feedback in a gambling task sug‐
gesting that they did not learn from their past performance. Typically, a ‘post-error slow‐
ing’ is demonstrated where the individual considers the feedback to avoid a repetition of
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error and to adjust performance accordingly. This process manifests as an increase in re‐
action time. Nevertheless, MDD individuals did not show increased reaction time post-
error, suggesting that not even a ruminative response style was employed to process the
feedback. Thus, a basic deficit in cold cognitive ability likely accounted for poor perform‐
ance, not hot ruminative processes. Further to this, using a non-affective flanker task
with switch or no-switch blocks (no performance feedback offered), Schroder, Moran,
Infantolino, and Moser (2013) demonstrated that anhedonic depressive symptoms were
not associated with post-error slowing but were associated with poorer post-error accu‐
racy. As the association between anhedonic depressive symptoms and post-error accura‐
cy was only shown in the more cognitively-demanding switch block condition, the avail‐
ability of cognitive resources appears to be an important factor for cognitive control abil‐
ity. These findings allow for the consideration that deficits in attention and the ability to
update the contents of working memory during an effortful task account for subsequent
poor performance as post-error slowing and deficient post-error accuracy were observed
independent of feedback. Although the explanatory potential of deficient motivation in
anhedonic depression cannot be overlooked to account for these findings (but see Grahek
et al., 2018), the premise that cold cognitive deficits are not merely a manifestation of
biased processing is of empirical and theoretical interest.
In summary, the processing bias proposed by the cognitive model appears to be large‐
ly maintained by the interaction between hot and cold cognitions. For the most part, ru‐
minative processes carry the effect of this bias on depressive symptoms by stimulating
accessible, negative, self-relevant information to reinforce a negative interpretation. Ar‐
guably, cold cognitive deficit, in seemingly non-affective contexts, may be a manifesta‐
tion of hot cognition through a catastrophic response to feedback, and subsequent rumi‐
nation on this feedback. Nevertheless, cold deficits have reliably be shown in the absence
of feedback and symptom improvement has been achieved following control, non-affec‐
tive attention training, suggesting that there is a complex interaction that likely incorpo‐
rates both hot and cold cognition as mutually reinforcing, overall serving to maintain de‐
pressive symptoms.
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Figure 2. Model of the interaction between cold cognitive deficits and the hot cognitive processing
bias during depression.
Note. When triggered by a perceived stressful life event, weaknesses in cognitive flexibility,
working memory, and inhibitory processes interact with the depressive schema resulting in a bias
towards processing information negatively, congruent with the activated schema. There is a
consequent reduction in available cognitive resources when the schema and associated bias is
activated. As a result, broader cognitive deficits are observed during the acute depressive state.
Specifically, the inability to update the contents of working memory with a shift to positive
information (cognitive flexibility) and expel irrelevant, negative information from working
memory (inhibition) contribute to rumination, i.e. repetitive, negative thinking style, which further
serves to maintain the processing bias and worsen depressive symptoms. Yet, ruminative processes
do not always account for cold cognitive deficits in post-error adjustment, suggesting some degree
of independence between the hot and cold pathways for biased information processing.
Components of the model are informed by Beck’s cognitive model of depression.
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Biased Memory for Negative Material
Biased memory recall during MDD is perhaps one of the most consistent and well-sup‐
ported cognitive biases (Gotlib & Joormann, 2010). This is best understood as an instance
of memory in which mood-congruent information (i.e. negative information consistent
with negative mood state) is better encoded and recalled than mood-incongruent infor‐
mation (Matt, Vázquez, & Campbell, 1992). Due to the negative mood state that is charac‐
teristic of MDD, symptomatic individuals tend to recall negative information more readi‐
ly as prompted by the accessibility of active, negative schemas, thus serving to maintain
the negative mood. This negative recall is likely facilitated by biases at encoding as a re‐
sult of preferential attention to negative experiences as well as the maladaptive interpre‐
tation of ambiguous personal experiences to resolve as negative encounters (Dalgleish &
Werner-Seidler, 2014). Of note, a recall bias in non-affective, cold cognitive tasks has even
been observed during MDD, presenting as a serial position effect in list-learning that is
characterised by impoverished recall of items from the middle region, relative to healthy
controls (Foldi, Brickman, Schaefer, & Knutelska, 2003). It is postulated that the active,
negative schema (e.g. ‘I am a failure’) interferes with subsequent learning and recall by
means of affective interference, drawing focus to task irrelevant information (e.g. ‘I will
never finish this list’). Consequently, recall has been enhanced for mood-congruent nega‐
tive information and compromised for incongruent, positive or neutral information, as
demonstrated across both explicit (for review, see Matt et al., 1992) and implicit (for re‐
view, see Gaddy & Ingram, 2014) memory tasks. A meta-analysis (Matt et al., 1992) on
recall performance among MDD patients demonstrated, on average, that individuals re‐
call 10% more negative information than positive information on explicit memory recall
tasks. A type of explicit memory known as autobiographical memory (AM) is character‐
ised by a particular recall bias during MDD which takes the form of an overgeneralisa‐
tion, or a lack of specifics in the content recalled, usually in response to negative cues
(e.g. Dalgleish & Werner-Seidler, 2014; Semkovska, Noone, Carton, & McLoughlin, 2012).
Research has demonstrated that overgeneral AM is likely state-dependent, with improve‐
ment in specificity shown upon remission (e.g. Semkovska et al., 2012), however, over‐
general AM has also received support as a trait vulnerability for subsequent depressive
symptoms, particularly in interaction with stressful life events (e.g. Gibbs & Rude, 2004).
Overgeneral AM represents a hot cognitive profile that is specific to MDD. This hot
cognition has been relatively well-explored in the literature in relation to ruminative pro‐
cesses, which tend to centre around the general themes made accessible by schema acti‐
vation at recall (e.g. incidences of failure). Rumination then consolidates these themes,
which further contribute to overgeneral AM recall (Watkins & Teasdale, 2001). On the
other hand, the seminal work by Raes, Hermans, Williams, Geypen, and Eelen (2006)
demonstrated that overgeneral AM can causally influence rumination, following experi‐
mental manipulation to prime either a specific or overgeneral recall style. Findings
showed that among high-ruminators and subsequent to an overgeneral (vs. specific) re‐
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call style, sentences tended to be unscrambled into sentences with a ruminative meaning.
Among non- or low-ruminators, this effect was not shown. Thus, it is better to consider
the recall bias-rumination link as mutually reinforcing, in that hot cognition stimulates
further hot cognition. As such, it could be conceptualised that the effect of memory recall
bias on depressive symptoms is carried by a ruminative thinking style. In corroboration
of this, Liu et al. (2017) demonstrated that ruminative responses, particularly the malad‐
aptive brooding subtype, partially mediated the relationship between overgeneral AM
and depressive symptoms. Albeit, the cross-sectional design cannot infer causality so it is
possible that rumination is merely a covariate as opposed to the mediator of effect. The
reverse mediational models conducted by the authors, however, did not support overgen‐
eral AM as a potential mediator of the rumination-depressive symptom link. Likely these
two hot cognitions are closely intertwined, making it difficult to discern the effect of one
on another. Consideration of the role of executive cognitive abilities may better help elu‐
cidate the means by which this reciprocal interaction arises.
Ruminative processes that occur during the recall bias use up cognitive resources that
otherwise would have been directed towards accessing the specifics of AM (Van
Vreeswijk & de Wilde, 2004). To demonstrate this, Cheung, Sin, Lam, and Lee (2018) as‐
sessed the specificity of AM in MDD patients following negative and positive rumination
induction. Results showed that MDD patients, relative to controls, produced fewer specif‐
ic AMs following negative rumination compared to positive rumination. The authors
suggested that an inhibitory deficit in MDD compromised the ability to filter out task-
irrelevant negative information from working memory, thus impairing the ability to re‐
call specific memories, stimulating a negative ruminative process. Although general in‐
hibitory ability was not assessed by the authors, it could be the case that an underlying
cold inhibitory deficit became hot in the presence of affective content. Building on this,
Hitchcock, Golden, Werner-Seidler, Kuyken, and Dalgleish (2018) examined the central
role of executive control in negative AM recall following positive and negative contextual
cues among MDD patients. Results showed that following positive contextual cues, those
with more severe depressive symptoms rated their negative memories more positively,
relative to less severely depressed patients. As such, this suggests that the executive con‐
trol deficits are somewhat state-dependent as differential effects were noted based on the
magnitude of depressive symptoms. This can be explained by fewer executive resources
available in those more severely depressed to override the priming generated by the posi‐
tive contextual cue. In a second study by the authors using a community sample, poorer
performance on a non-affective working memory task was associated with less negative
ratings of AMs recalled and with the recall of a greater number of overtly positive AMs.
Thus, compromised cold executive control appears to be the driving mechanism of this
effect and not a negative recall memory bias, which Beck’s cognitive model would hy‐
pothesise to occur independent of context. The influence of contextual priming, as
shown in these findings, has important implications for mood maintenance. For example,
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if intrinsic contextual cues (i.e. negative thoughts, rumination) override one’s ability to
derive benefit from the recall of positive or neutral memories necessary for cognitive re‐
structuring, a core aspect of CBT, then outcomes may be less favourable. In this regard,
cold executive deficits may play a central role in the maintenance of depressive mood
state, over and above those accounted for by hot cognitions.
Overgeneral AM has also been conceptualised as a facet of a wider difficulty in mem‐
ory processes such as the ability to make correct attributions about the origin of informa‐
tion, known as source memory. Raes, Hermans, Williams, Demyttenaere, et al., 2006)
demonstrated that among 26 acute MDD patients, reduced AM episodic-specificity was
associated with poorer source memory and working memory, but not verbal fluency or
verbal learning and delayed recall. These associations were shown independent of cur‐
rent depressive symptoms. Semkovska et al. (2012) elaborated on these findings among a
sample of 30 MDD patients with severe depression, corroborating that reduced AM epi‐
sodic-specificity was associated with poorer working memory, but that verbal or visual
learning and delayed recall were specifically associated with AM semantic-specificity for
personal information (e.g. details regarding a family member). Among a remitted MDD
sample of 122 individuals, the findings of Spinhoven et al. (2006) strengthen the argu‐
ment that aspects of reduced AM specificity likely represent a facet of a more general
memory deficit independent of the hot affective state, as AM specificity was shown to be
associated with immediate and delayed memory recall, even when controlling for residu‐
al depressive symptoms. Yet, at 24-month follow-up, neither AM specificity nor other
cognitive measures were predictive of relapse or recurrence. This brings to question
whether it is the interaction between hot and cold components that may be necessary to
trigger subsequent MDD events. Similarly, Gibbs and Rude (2004) suggested that over‐
general AM, when in conjunction with stressful life events, predicted the development of
subsequent depressive symptoms 4-6 weeks later in a non-clinical sample. Thus, it could
be the case that cold deficits condition, or likewise transfer, the effects of the hot memory
recall bias.
The recall of specific memories is a core component of everyday functioning and has
relevance for day-to-day tasks that rely on problem-solving, the generation of future
plans, and social interactions that are built upon shared experiences (Dalgleish &
Werner-Seidler, 2014). Consequently, cold cognitive abilities are compromised without
the script of past AMs to direct and guide behaviour, contributing to subsequent negative
experiences in the everyday functioning of the individual. Raes et al. (2005) showed that
reduced AM specificity fully mediated the association between rumination and social
problem-solving (e.g. handing a situation at work), while partial correlations demonstra‐
ted that this association could not be better accounted for by depressive symptoms. Cor‐
roborating this, Hitchcock et al. (2016) documented that an AM intervention (MemFlex)
showed far-transfer of effects by significantly improving problem-solving ability. Al‐
though the authors acknowledged that problem-solving was an intermediate outcome
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that likely conferred the effect of overgeneral AM on depressive symptoms, they did not
formally test the mediational process. In addition, planning ability has been observed as a
cold cognitive deficit following the induction of a generic retrieval style (Williams et al.,
1996). In a recent meta-analysis by Hallford, Austin, Takano, and Raes (2018), psychiatric
diagnosis was associated with large deficits in episodic future thinking specificity. Mod‐
eration by cue valence (positive, negative, neutral) was non-significant, suggesting that
the deficit is more general and not wholly contingent on valence, as would be suggested
by Beck’s cognitive model. It is important to note, however, that moderation by valence
was across all studies (k = 19), so it is possible that MDD (k = 7) shows differential effects
to other psychopathologies such as bipolar disorder or schizophrenia. A subsequent
meta-analysis conducted solely including depressive samples resulted in 37 studies and
suggested that depressive symptoms contributed to reduced specificity for future events,
more so for positive future thinking relative to negative or neutral future thinking
(Gamble, Moreau, Tippett, & Addis, 2018). Considering the ability to detail future scenar‐
ios is necessary to plan and pursue goals, it can be argued that the hot cognitive profile
of MDD manifests as a broader spectrum of cold cognitive deficits including planning
and problem-solving abilities. Such deficits are likely responsible for the negative experi‐
ences of everyday functioning and may serve as a source of reference to confirm and per‐
petuate the activation of negative schemas (e.g. ‘I am a failure’), overall contributing to a
maintenance of the MDD cycle.
In summary, the interaction between hot and cold cognitions in the memory recall
bias is difficult to disentangle but lends support to the idea that both are mutually rein‐
forcing for the activated bias as well as associated depressive symptoms. Rumination has
been identified as the primary hot cognition that carries the effect of the negative recall
bias by stimulating negative thoughts around the negative memory that was generated.
A cold deficit in non-affective memory potentially facilitates the expression of the afore‐
mentioned recall bias, but likely this is determined by the strength of executive control,
characterised by the individual’s ability to flexibly disengage from mood-congruent neg‐
ative information, inhibit further irrelevant negative information, and subsequently up‐
date the contents of working memory. Without the specifics in AM to provide a script to
guide behaviour, a broader range of cold deficit is experienced, which impacts on effi‐
cient day-to-day functioning. Collectively, this may serve as self-referent negative infor‐
mation to maintain the activation of the relevant schema and recall bias.
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Figure 3. Model of the interaction between cold cognitive deficits and the hot cognitive memory
bias during depression.
Note. When triggered by a perceived stressful life event, weaknesses in cognitive flexibility,
memory, and inhibitory processes interact with the depressive schema resulting in a memory bias
characterised by poor encoding of positive memories, over-retrieval of negative memories, and lack
of specificity for autobiographical memories. There is a consequent reduction in available cognitive
resources when the schema and associated bias is activated. As a result, deficits in hot and cold
executive control perpetuate the activation of the memory bias due to a compromised ability to
inhibit, shift away from, and update the contents of working memory, feeding into ruminative
thinking centred on negative, non-specific events. Impaired memory processes contribute to
broader cognitive deficits during the acute depressive state affecting day-to-day planning and
problem solving, potentially triggering subsequent maladaptive mood-congruent recall of past
events. The interaction between hot and cold pathways serves to perpetuate the negative memory
cycle and worsen depressive symptoms. Components of the model are informed by Beck’s
cognitive model of depression.
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An Integrated Hot-Cold Cognitive Model
As demonstrated above, the cold cognitive processes that underlie the negative schemas
and cognitive biases proposed by Beck’s cognitive model seem to largely be accounted
for by two, complementary processes: (i) weakened executive control (cognitive flexibili‐
ty, inhibition, working memory), which facilitates the activation and maintenance of a
hot cognitive profile by means of affective interference, and (ii) further exacerbation of
cold cognitive dysfunction by means of diminished cognitive resources which, in turn,
likely represent internal stressors maintaining the depressive state.
The former process corroborates previous literature that cognitive biases are main‐
tained by impoverished abilities to effectively disengage from negative material (Gotlib &
Joormann, 2010). As such, the material present in working memory tends to be of mood-
congruent, negative valence due to a poor ability to inhibit the generation of subsequent
negative material or flexibly shift to potentially-relevant, positive material. For the most
part, literature has examined the role of weakened executive control during MDD using
affective tasks in which the ability to inhibit or shift from negative material is assessed
(Koster, Hoorelbeke, Onraedt, Owens, & Derakshan, 2017). Resultantly, findings have cre‐
ated a narrative around various components of affective, hot cognitive processes. Our
model provides a novel narrative as it includes non-affective, cold cognitive deficits in
the MDD cycle to suggest that, in some circumstances, it is a general deficit that facili‐
tates the expression of hot executive deficits towards the processing of negative material.
Consistent with this, an accumulating body of literature demonstrates that cognitive def‐
icits persist into remission (Semkovska et al., 2019), and therefore cannot merely be an
epiphenomenon of mood state. Instead, these deficits are conceptualised as the means by
which affective, hot deficits in cognitive domains such as attention and executive func‐
tion manifest. Collectively, these factors work to initiate and maintain the depressive
schemas and cognitive biases by making negative material readily accessible.
The latter process takes the form of exacerbated cold cognitive deficits, which likely
act as internal stressors triggering the repeated activation of dysfunctional hot cogni‐
tions. In this way, the stressors become apparent in day-to-day functioning when defi‐
cient ability to attend, memorise, plan, and problem-solve provide a source of self-refer‐
ent feedback to confirm negative schemas about the self. This sets up a self-perpetuating
cycle as deficient cold cognition activates the influence of hot processing biases and a ru‐
minative response style that collectively place large demands on cognitive resources, and
in turn, deprive the allocation of resources to cold cognitions required in everyday func‐
tion across work, home, and social environments. Again, cold cognitive deficits appear
somewhat independent of hot schemas and biases as deficient functioning is observed
even in the state of mood restoration (Evans, Iverson, Yatham, & Lam, 2014). In the con‐
text of Beck’s cognitive model, cold cognitive deficits reinforce hot cognition by provid‐
ing accessible schema-congruent material (e.g. ‘I am a failure’, ‘I am not as good as oth‐
ers’) and likely serve as a source of maintenance for the MDD cycle.
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Our proposed model (Figure 4) postulates an interaction between cold and hot cogni‐
tion in the onset and maintenance of MDD and is consistent with current neuropsycho‐
logical models of MDD such as that by Roiser and Sahakian (2013). In their model, Roiser
and Sahakian (2013) integrated the traditional cognitive framework with recent pharma‐
cological findings to conceptualise MDD as the interaction between maladaptive top-
down and bottom-up processes, with consideration of hot and cold components. The au‐
thors applied their findings to inform adjunctive treatment options that could address the
hot/cold top-down cognition that contributes to negative expectations (e.g. CBT) or
weakened executive control (e.g. transcranial magnetic stimulation), alongside the hot
bottom-up cognition that accounts for negative perceptions (e.g. antidepressant medica‐
tion). Our model further elaborates on this by providing a thorough, integrated account
of cold cognitive abilities within the dominant cognitive framework of MDD.
The proposed model lends itself to identifying novel initiatives to help interrupt the
MDD cycle and best inform refined, psychological treatment options. This incorporates
the consideration of hot and cold maladaptive cognitions. To date, CBT is well-establish‐
ed as an effective treatment for MDD by addressing the hot cognitive components that
serve to maintain the depressive schemas. Several studies have shown that CBT has ben‐
eficial effects on cognitive biases of attention (e.g. Tobon, Ouimet, & Dozois, 2011), inter‐
pretation (e.g. Williams et al., 2015), memory (e.g. McBride, Segal, Kennedy, & Gemar,
2007), as well as maladaptive, ruminative emotion regulation strategies (for review, see
Spinhoven et al., 2018). However, CBT has shown little, if any, influence on cold cogni‐
tive abilities (Groves et al., 2015; Porter et al., 2016). This possibly explains the relapse
rates subsequent to treatment considering the cold cognitive aspects of the MDD cycle
were not addressed. Attention training and improving control over thinking may facili‐
tate the ability to flexibly shift attention and disengage from the negative schemas or as‐
sociated biases. In support of this, cognitive remediation strategies, which explicitly tar‐
get cognitive abilities shown to be deficient during MDD through repetitive and adaptive
training, have shown much promise in strengthening such cold cognitive abilities
(Motter, Grinberg, Lieberman, Iqnaibi, & Sneed, 2019; Motter et al., 2016; Semkovska &
Ahern, 2017; Trapp, Engel, Hajak, Lautenbacher, & Gallhofer, 2016). A comprehensive re‐
view by Koster et al. (2017) provides a compelling discussion on the potential means by
which cognitive training affects depressive symptoms.
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In summary, cognitive training may exert benefit by altering mediational hot cogni‐
tive factors (e.g. rumination), by targeting the underlying neurocircuitry known to be
compromised during depression (for review, see Drevets, Price, & Furey, 2008), or finally
by influencing vulnerability to the activation of cognitive biases. The consideration of
cognitive training as an adjunct to CBT may best complement outcomes for depressive
symptoms by fully accounting for the interaction between hot and cold cognitions in the
onset and maintenance of MDD. Patient preference largely favours psychological treat‐
ment over medication (McHugh et al., 2013) and this gives prominence to the need for
integrated treatment options that are embedded within the cognitive theory framework.
Significant developments have been made in understanding the role of cognition in
MDD, but further integrative research with the aim of refining cognitive models of MDD
will be necessary to improve approaches towards prevention and treatment. No single
form of cognition solely drives the depressive cycle, thus modelling the interplay be‐
tween various facets of hot and cold cognition is a promising avenue to stimulate re‐
search. Researchers should endeavour to identify the relative contribution of hot and cold
cognitions in interventional research to best account for the mechanisms by which symp‐
tom improvement can be achieved. This is a crucial step in transitioning from the symp‐
tom-based to the mechanism-based view of MDD (Grahek et al., 2018). In addition, con‐
sideration of hot and cold cognitive processes in longitudinal research may help to ac‐
count for the directionality of effects. Cold deficits may serve as the initiating mechanism
for hot cognitions, as suggested in the literature (e.g. Allott et al., 2016), but once a major
depressive episode is initiated, the extent to which cold deficits are necessary for the
maintenance of negative schemas and associated biases is not well understood. An im‐
portant aim of our integrated model is to encourage hypothesis-driven research efforts to
examine the potential of hot and cold cognitive mechanisms in novel treatment initia‐
tives.
In conclusion, our integrated hot-cold cognitive model of MDD provides a prelimina‐
ry framework to identify the central role that cold cognitive abilities play in conjunction
with the more widely recognised hot cognitive processes that underpin Beck’s conceptu‐
alisation of MDD onset and maintenance. The growing body of research on deficits in
non-affective, cold cognitive abilities during remission confirms that cold cognition is not
merely an epiphenomenon of the acute state. Here, we have proposed a re-framing of the
cognitive model to account for the complex interaction between cognition and emotion
during MDD. By doing so, this stimulates further opportunity to develop innovative
treatment strategies that can effectively address a full functional recovery from this high‐
ly recurrent and debilitating disorder.
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